The study evaluates effects of varied doses of ascorbic acid and piroxicam on behavioural signs of pain in orchidectomised Savannah Brown goats during their postsurgical pain management. The goats were divided into 6 groups of 3 goats each. Orchidectomy was performed on all animals under sedation with xylazine and linear infiltration with lignocaine. After surgery, varied doses of piroxicam (IM) and ascorbic acid (IV) were administered to the goats: Group A = piroxicam, 5 mg/kg + ascorbic acid, 100 mg/kg; Group B = piroxicam, 5 mg/kg + ascorbic acid, 200 mg/kg; Group C = piroxicam, 10 mg/kg + ascorbic acid, 100 mg/kg; Group D = piroxicam, 5 mg/kg; Group E: ascorbic acid, 100 mg/kg together with antibiotics, procaine penicillin, 20,000 IU/kg + streptomycin, 10 mg/kg (IM); and Group F (control) received only the antibiotics. After surgery, pain intensity was determined in each goat by numerical rating scale. Vocalisation, teeth grinding, rapid and shallow breathing, tail wagging, occasionally bleating, neck extension, and dorsal lip curling were recorded at varying degrees across the experimental groups. The goats in the control group showed the highest degree of behavioural signs of pain. It is concluded that treatment with a combination of piroxicam and ascorbic acid ameliorated pain more than either of the agents in orchidectomised Savannah Brown goats.
Introduction
Pain control for routine management procedures is considered one of the most important welfare priorities in livestock production today [1] . Animals in pain reduce their overall level of activity following surgery [2] . Pain associated with various conditions and procedures in animals may be estimated [3] . Pain assessment in animals may be done by one of three approaches: measurements of general body functioning, such as food and water intake and live-weight gain; physiological responses such as plasma cortisol concentrations; and behaviours such as vocalisations [4] . Morton and Griffiths [5] proposed that the study of behavioural patterns constitutes a substantial part of pain assessment and they attempted to define species-specific signs of behaviour indicating pain. Evaluation of behavioural signs has proven to be reliable indicators of pain [6] . Behavioural responses used for pain assessment in goats include: vocalisation, teeth grinding, rapid and shallow breathing [7] , standing and lying repeatedly, tail wagging, occasionally bleating, displaying neck extension, dorsal lip curling, kicking, rolling, and hyperventilation [8] . Numerical rating scale (NRS) is used to rate pain intensity and assess pain distress and the degree of subjective suffering, caused by the pain on a numbered scale, such as the 0 to 10 Numeric Pain Intensity Scale [9] . Piroxicam is a nonsteroidal anti-inflammatory drug (NSAID) of the oxicam class, which is nonselective. It undergoes enterohepatic circulation and is primarily used to treat arthritis and other musculoskeletal conditions [10] . Piroxicam exhibits anti-inflammatory [11] , analgesic [12] , and antipyretic activities in animal models. The mechanism of action of piroxicam, like any other NSAID, is not completely understood but may be related to prostaglandin synthetase inhibition [13] .
Ascorbic acid (AA), otherwise known as vitamin C, is an effective nontoxic and inexpensive antioxidant. One of the most widely accepted functions of AA is that it acts as an antioxidant by interrupting free-radical chain reactions in the body [14] and, thus, significantly decreases the levels of reactive oxygen species in the body [15, 16] . It has been 2 Journal of Animals established that AA ameliorates the adverse effects of stressful environmental conditions [17] [18] [19] [20] and protects the cells from deleterious effects caused by reactive oxygen species [21] , generated in large quantity in stressful situations [13] .
Castration has been described as the commonest surgical procedure in both large and small animals [22, 23] . The common methods of castration in food animals include: (1) orchidectomy, which is the removal of the testicles after making an incision into the scrotum; (2) band or ring castration, which is constricting the blood supply to the testicles and scrotum; and (3) Burdizzo castration, which involves crushing of the spermatic cord. According to both the American and Canadian Veterinary Medical Associations (AVMA and CVMA, resp.), the castration methods listed above cause both acute and chronic pain [24, 25] . Measures are, therefore, required to alleviate pain in domestic animals during castration. Prunier et al. [26] has shown that, during pain, reactive oxygen species are generated in large quantity. Antioxidants such as AA may, therefore, be beneficial in pain alleviations during surgical interventions in animals.
The aim of the present study was to evaluate behavioural responses of goats, orchidectomised and administered with piroxicam and AA during postsurgical management of pain.
Methods
Ethical approval letter for the conduct of this experiment was obtained from the Research Ethics Committee of the Department of Veterinary Surgery and Radiology, Ahmadu Bello University, Zaria, Nigeria. Eighteen (18) six-month-to oneand-half-year-old Savannah Brown goats weighing between 6 and 12 kg were used. The goats were preconditioned for a period of five weeks, during which an independent assessor studied the behavioural pattern of the goats and afterwards general clinical evaluations were conducted on the animals to determine their base-line data before postoperation evaluation. Goats were given access to feeds (hay, beans husk, and maize offals) and clean water ad libitum. The animals were randomly divided into six (6) experimental groups of three (3) goats each. Castration (orchidectomy) was performed on all the animals.
Presurgical Preparation, Anaesthesia, and Restraint.
Orchidectomy was carried out on the animals randomly. The scrotal area was shaved, scrubbed with soap and water, and disinfected with chlorhexidine. The animals were sedated with 0.05 mg/kg xylazine (XYL-M2, VMD n.v/s.a-Hoge Mauw 900-B-2370 Arendonk, Belgium) intravenously. Local anaesthesia was achieved through a linear infiltration with 5 mL of 2% lidocaine hydrochloride (Liga, SAI Parenteral (P) Ltd., Hyderabad-55, India) subcutaneously into the scrotal sac. The animal was then restrained in dorsal recumbency in a surgical cradle, and the scrotum and the surrounding area were disinfected with chlorhexidine [27] . The probes from the autophysiological parameters monitoring machine (General Meditech Inc., model G3D, Guangdong, China) were attached to the goats; surgical area was then draped for surgery.
Surgical Procedure.
The scrotum was grasped and a horizontal incision was made through the skin and the fascia at the widest part of the scrotum (junction of idle and distal thirds). The entire distal segment of the scrotum was transected and traction was placed on the testes and the skin was pushed proximad. The fascia was separated from the spermatic cords and enclosed in the common tunics with care taken to avoid the proximal regions of the spermatic cords. The spermatic cords were ligated by transfixation suture, using size 2 chromic catgut and the cord transacted distal to the ligatures according to the method described by Simon and Wayne [28] . Cutaneous wounds in goats were dressed using topical antibiotics, OXYTETRA-CYCLINE aerosol spray, containing Gentian violet + oxytetracycline (Sequent Scientific Ltd., Thane, India). Procaine penicillin, 20,000 IU/kg and streptomycin, 10 mg/kg (CentreProdih, Aether Centre Biology Co., Ltd., Beijing, China) were administered intramuscularly for five consecutive days after surgery. This group (F) served as the control. The same procedures (Surgery, oxytetracycline spray, procaine penicillin, and streptomycin) were carried out on all the animals in Groups A to F. Administration of the drugs was done by the surgeons after each orchidectomy, after which the goats were taken to the independent assessor, who was blinded to the treatment administered, for assessment.
Goats in group A were given piroxicam (piroxicam) (Laborate Pharmaceutical, E-11 Industrial area, Panipat -123 103, India) at 5 mg/kg intramuscularly and vitamin C (ECNU-C Injection, Yanzhou Xierkangtai Pharmaceutical Co. Ltd., Yanzhou City, China) at 100 mg/kg intravenously for five consecutive days postsurgically.
Group B goats were given piroxicam at 5 mg/kg intramuscularly and ascorbic acid at 200 mg/kg intravenously for five consecutive days postsurgically.
Goats in group C were given piroxicam at 10 mg/kg intramuscularly and ascorbic acid at 100 mg/kg intravenously for five consecutive days postsurgically.
Piroxicam was administered at 5 mg/kg intramuscularly for five consecutive days postsurgically to goats in group D.
Group E goats were given ascorbic acid at 100 mg/kg intravenously (IV) for five consecutive days (Table 1) .
Behavioural Responses.
The behavioural responses of the animals were observed immediately after surgery, three hours after surgery, and every day for the next five days. The observations were carried out at 09:00 h each day by an independent assessor, who had earlier studied the behavioural patterns of the goats during their preconditioning period for five weeks. The observations included the following behavioural events: vocalization in response to pain, grinding of the teeth, and rapid and shallow breathing. Others were standing and lying repeatedly, wagging of tails, occasionally bleating, displaying neck extension, dorsal lip curling, kicking, and rolling. The events were graded according to the Numerical Rating Scale (NRS) [29] by the independent assessor, who was blinded to what the goats were administered with. The scale was interpreted as follows: 0 represents no pain; numbers 1 to 3 on the scale represent mild pain, 4 to 6 moderate pain, and 7 to 10 severe pain. (IM) and ascorbic acid at 100 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group B: animals administered with piroxicam at 5 mg/kg (IM) and ascorbic acid at 200 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group C: animals administered with piroxicam at 10 mg/kg (IM) and ascorbic acid at 100 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group D: animals administered with piroxicam at 5 mg/kg (IM) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group E: animals administered with ascorbic acid at 100 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group F (Control): animals administered with penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM).
Data Analysis.
Behavioural response values were summarised in tabular presentations. Data obtained were expressed as simple percentages of the population exhibiting the various signs evaluated.
Results
Immediately after surgery, no arching of the back was observed in goats in groups B and C, while all the goats (100%) in groups A, D, E, and F exhibited the sign. Three hours later, the sign was observed in 33.3% of goats in group B and none in group C goats, while the sign was observed in all the goats (100%) in groups A, D, E, and F. From day 1, back arching was no longer observed in group A goats, while 33.3% of goats in groups A and C, 100% of groups D, E, and F exhibited the sign of back arching. All goats in group F (100%) exhibited the sign till the end of the study (Table 2) .
No vocalisation was recorded in groups A and B throughout the experiment. 33. 3% of goats exhibited the sign in groups C and D immediately after surgery and three hours after surgery in group E. 66.6% of the goats in group F exhibited the sign three hours after surgery, and the percentage increased to 100% on days 1 and 2 but gradually reduced to 0 on day 5 (Table 3) .
Teeth grinding was not recorded in group C goats throughout the experiment and immediately after surgery and on days 4 and 5 in group B. 66.6% of the goats manifested the sign in groups A (immediately after surgery and day 3) and D (day 3), while 33.3% showed the sign in group E immediately after surgery till day 3, and none on days 4 and 5. However, 66.6% of group F goats exhibited the sign immediately after surgery, which increased to 100% three hours later till day 4, while, on day 5, 66.6% exhibited the sign (Table 4) .
All the goats (100%) in group A expressed rapid shallow breathing immediately after surgery till day 5, when only 66.6% of the population had the breathing. Group B recorded the same till day 1 and then to 66.6% on day 2, and none thereafter. The lowest percentage population expression was observed in group C immediately after surgery and on days 3 and 5 in group E, while those in the control group exhibited the sign throughout the experimental period (Table 5) .
Bleating was not recorded in goats of groups A and B throughout the study period; 33.3% recorded the sign three hours after surgery in group E, and 66.6% in group C. All the goats in the control group recorded the sign three hours and up till day 3 after surgery, while only 33.3% of the control group exhibited the sign on days 4 and 5 ( Table 6 ). The sign of tail wagging was not exhibited by group B goats, but groups A and C showed a gradual decrease in numbers of goats exhibiting the sign from day 1. However, all the goats of group F showed sign of tail wagging throughout the experimental period (Table 7) . Neck extension was not observed in goats in groups A, B, and C from day 2. The lowest percentage of goats (33.3%) exhibiting the sign of neck extension was observed in group C immediately after surgery, and in group E on day 5. The control goats showed the highest percentage (100%) from three hours after surgery till the end of the experiment (Table 8) .
Dorsal lip curling was not observed from day 2 in group B, and from day 3 in group C goats (Table 9) ; 33.3% of goats manifested the sign in group A from day 2, and on day 4 in Key = 3. Group A: animals administered with piroxicam at 5 mg/kg (IM) and ascorbic acid at 100 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group B: animals administered with piroxicam at 5 mg/kg (IM) and ascorbic acid at 200 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group C: animals administered with piroxicam at 10 mg/kg (IM) and ascorbic acid at 100 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group D: animals administered with piroxicam at 5 mg/kg (IM) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group E: animals administered with ascorbic acid at 100 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group F (Control): animals administered with penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Table 6 : Percentage (%) of goats exhibiting signs of bleating after administration of different concentrations of piroxicam, ascorbic acid, and streptomycin/penicillin combination. group D. The percentages decreased from 100% in goats in groups D and E while those of the control goats increased till the end of the experiment.
The behavioural signs investigated gradually disappeared in goats belonging to groups B, C, A, E, D, and F, respectively. The signs which showed more severity were rapid shallow breathing, neck extension, dorsal lip curling, and tail wagging.
Discussion
Behavioural signs of pain observed in this study were vocalisation, teeth grinding, rapid and shallow breathing, tail wagging, occasionally bleating, neck extension, and dorsal lip curling and the observations agree with the report of Wendy [7] and NAS [8] . However, kicking, rolling, standing, and lying down were not exhibited across the experimental groups as reported by NAS [8] . This finding may be due to the sedative effect of xylazine that was used together with the anaesthetic effect of lignocaine hydrochloride in the present study. It may also be due to the fact that the orchidectomy carried out may not elicit acute but rather subacute pain. The result also demonstrated the efficacy of multimodal approach to postsurgical pain management, as goats in group B (piroxicam at 5 mg/kg (IM) and ascorbic acid at 200 mg/kg (IV) and penicillin 20,000 IU/kg, and streptomycin, 10 mg/kg (IM) and ascorbic acid at 100 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group B: animals administered with piroxicam at 5 mg/kg (IM) and ascorbic acid at 200 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group C: animals administered with piroxicam at 10 mg/kg (IM) and ascorbic acid at 100 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group D: animals administered with piroxicam at 5 mg/kg (IM) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group E: animals administered with ascorbic acid at 100 mg/kg (IV), penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM). Group F (Control): animals administered with penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM).
(IM)) followed by those in group A (piroxicam at 5 mg/kg (IM) and ascorbic acid at 100 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM)), and those in group C (with piroxicam at 10 mg/kg (IM) and ascorbic acid at 100 mg/kg (IV) and penicillin 20,000 IU/kg and streptomycin, 10 mg/kg (IM)), respectively, showed a greater response to treatment by exhibiting lower rating scores for signs of behavioural pain. The study showed that ascorbic acid may ameliorate behavioural signs of postsurgical pain more than piroxicam. This finding agrees with some studies, which have shown that ascorbic acid exerted ameliorative effects on stressful environmental conditions [16] [17] [18] [19] by scavenging reactive oxygen species generation [14] .
It is concluded that multimodal approach to surgical pain management is the best option and that piroxicam and ascorbic acid combination is very effective in the management of postsurgical pain, at the dose rate of 5 mg/kg IM and 200 mg/kg IV, respectively. It is recommended that a combination of piroxicam and ascorbic acid be administered in order to ameliorate behavioral signs of pain. 
